The criteria for diagnosis of polycystic ovary syndrome (PCOS) have been modified and now include polycystic ovary morphology (PCOM).
P
OLYCYSTIC OVARY SYNDROME (PCOS) is frequently associated with insulin resistance and type 2 diabetes mellitus. In 2000 Escobar-Morreale et al. (1) , using National Institutes of Health (NIH) 1990 diagnostic criteria, reported a prevalence of 18.8% for PCOS in women with diabetes mellitus type 1 (DM1). Recently the PCOS diagnostic criteria have been modified (2) , so the frequency of PCOS using the new diagnostic criteria in adult women with DM1 is not known.
The new diagnostic criteria, developed by the European Society of Human Reproduction and Embryology/American Society for Reproductive Medicine, which is known as the Rotterdam consensus criteria for the diagnosis of PCOS, includes polycystic ovary morphology (PCOM) as a key element of the diagnostic triad. PCOM is diagnosed if an increased number of follicles or ovarian volume is present. Recently we documented an elevated ovarian volume in pubertal girls with DM1 (3), but it is not known whether adult women with DM1 have an ovarian morphology compatible with the diagnosis of PCOM.
The physiopathology of PCOS in DM1 is not clear. It has been suggested that the use of exogenous insulin to treat DM1 in these patients may contribute to the development of PCOS (1) . Insulin is administered in a nonphysiological fashion, potentially stimulating the synthesis of androgens by the ovaries (4) . We postulate that intensive insulin treatment may be involved in the development of PCOS/PCOM in women with DM1. The purpose of this study was to determine the frequency of PCOS and PCOM in postpubertal women with DM1 and evaluate whether these abnormalities are related to intensive insulin treatment. We evaluated the clinical, hormonal, and ultrasonographic characteristics in a group of women with DM1 and compared these results with a carefully matched group of normal women in a crosssectional study.
with specific types of diabetes mellitus, type 2 diabetes mellitus, honeymoon period or diabetes duration of less than 1 yr, and presence of diabetic nephropathy.
Daily insulin dose used during the last 15 d before study was recorded and expressed as units per kilogram per day. All women, except one who was using glargine, were receiving intermediate (NPH) and soluble (either regular, lispro, or aspart) insulin. Women with DM1 were classified as having intensive treatment if they used three or more doses of insulin per day and as conservative if a fewer number of injections was used. Although we began to intensively treat patients with DM1 in the year 1999 (5), this type of treatment was not covered by the Chilean Governmental Insurance until 2005, which explains why some of the patients reported in this study received conservative treatment.
Healthy postmenarcheal women without a history of hyperandrogenism and who had regular menstrual cycles, 24 -34 d in length were recruited as controls (n ϭ 38). Women with DM1 and control (C) groups were matched according to chronological age and body mass index (BMI) and were excluded from the study if they were pregnant during the last 6 months; used sex steroids; or had abnormal thyroid function or prolactin levels or the presence of chronic conditions such as genetic syndromes, celiac disease, renal, liver or cardiac disease, or undernourishment.
Study protocol
A complete physical examination was performed by two of the authors (E.C. and N.S.). Hirsutism was evaluated by determining the presence of terminal hair using the modified Ferriman-Gallway (FG) score (6), and we evaluated the presence of acne. Weight was measured using a conventional Seca scale with a precision of 100 g, and height was measured with a Harpenden stadiometer. Waist circumference was measured to the nearest 0.5 cm, using a flexible measuring tape at the narrowest circumference between the lower costal margin and the iliac crest in the standing position. The hip circumference measurement was obtained at the maximum perimeter at the level of the femoral trochanters. Waist to hip ratio was calculated as the ratio of these two circumferences.
An early-morning sample of blood was obtained in both groups of women during the follicular phase (d 1-7) for measurement of testosterone (T), androstenedione, 17-hydroxyprogesterone (17OH progesterone), dehydroepiandrosterone sulfate (DHEAS), and SHBG, as previously described (3, 7) . Free testosterone (FTC) was calculated as previously described (8) .
Ultrasonography was performed and analyzed by a single observer (L.T.) who was blinded to the condition of the subject. Whenever possible, the exam was performed transvaginally with a 7.5-MHz transvaginal probe using Medison Sonoace 6000C equipment (Medison Co., Seoul, Korea). In a similar proportion of DM1 and C women (40.4 vs. 34.2%, respectively, P ϭ 0.7), ultrasonography was carried out transabdominally using a 5-MHz abdominal probe. Ovarian volume was calculated using the simplified formula for a prolate ellipsoid (9) , and the ovary with the larger volume ovary is reported. The follicle number was obtained counting the number of 2-to 9-mm follicles in the longitudinal cross-section of the ovary. The number of follicles of the ovary with the larger number of follicles is reported.
The protocol was approved by the Institutional Review Board of the San Borja Arriarán Hospital. All patients older than 18 yr signed informed consents, and for younger patients the consent was signed by their parents.
Definition of PCOS and PCOM
PCOS was defined according to the European Society of Human Reproduction and Embryology/American Society for Reproductive Medicine Rotterdam consensus criteria for the diagnosis of PCOS (2) . Clinical hyperandrogenism was diagnosed if the FG score was 8 or greater or the patient had moderate to severe acne, defined by the presence of inflammatory lesions and their extension (10) . Biochemical hyperandrogenism was defined if T or FTC or androstenedione were above the 95% confidence interval for the 97.5 percentile in C women (11) . Oligomenorrhea was defined if menses occurred less than nine times a year or if three cycles more than 36 d long occurred during the last year.
As mentioned, PCOM was defined using the newly described criteria from the Rotterdam consensus in which there was the presence of 12 or more follicles measuring 2-9 mm in diameter and/or an ovarian volume greater than 10 ml in one or both ovaries (2, 12) .
Statistical analysis
Clinical and laboratory data are shown as mean Ϯ sem. Variables were tested for normal distribution using the Kolmogorov-Smirnov test. The data that were not normally distributed (LH, FSH, and FTC only) were log transformed. Differences between women with DM1 and C for continuous variables were assessed with the Student's t test. Differences in proportions between the two groups were evaluated using Fisher's exact test and also reported as relative risk with its 95% confidence interval. Differences between women with DM1 without PCOS/PCOM and those with PCOS or PCOM were assessed by one-way ANOVA; if this test showed a significant difference among the three groups, it was followed by the least significant differences test for multiple comparisons. Differences in proportions among these three groups were evaluated using Pearson's 2 test. The effect of intensive treatment, BMI, waist to hip ratio, insulin dose, metabolic control, and onset of diabetes before menarche over PCOS/ PCOM was analyzed using simple binary logistic regression. The effect of these variables over T levels was evaluated using multiple linear regression. All statistic calculations were run on SPSS for Windows (version 10.0; SPSS, Chicago, IL) and GraphPad Prism (version 4.0 for Windows; Graph-Pad Software, San Diego, CA). P Ͻ 0.05 was considered statistically significant.
Results
Forty-two women with DM1 (aged 23.4 Ϯ 1.1 yr) and 38 C women (aged 26.3 Ϯ 1.2 yr) were studied. Their clinical characteristics are shown in Table 1 . Although BMI was similar in both groups, waist to hip ratio was larger in women with DM1 than in C (P Ͻ 0.0001). The gynecological age was 10.8 Ϯ 1.1 yr in women with DM1 and 13.0 Ϯ 1.2 yr. in C (P ϭ 0.18).
Hirsutism was more prevalent in the DM1 women than C [12 women with DM1 (28.6%) vs. 0 (0.0%) in C, P Ͻ 0.001; Fig.  1 ]. FG score was higher in women with DM1 than C (5.2 Ϯ 0.6 vs. 1.1 Ϯ 0.2, respectively, P Ͻ 0.001). The range of the FG score was 0 -14 and 0 -5 in women with DM1 and C, respectively. Most of the C women had a score of 0 -2 ( Fig. 1) . Seven of the hirsute women with DM1 had normal androgen levels and ultrasonographic findings. Seven women with DM1 and one C had moderate to severe acne (P ϭ 0.08). Of the seven women with DM1 who had moderate to severe acne, three had PCOM and one had biochemical hyperandrogenism and oligomenorrhea.
Women with DM1 had higher levels of T, androstenedione, and 17OH progesterone but similar levels of FTC, SHBG, DHEAS, FSH, LH, FSH to LH ratio, and estradiol levels ( Table 2 ). The number of women with elevated androgen levels is shown in Fig. 2 .
PCOM and ultrasonographic findings (Table 3)
Women with DM1 had a larger ovarian volume (P Ͻ 0.01) and follicle number (P Ͻ 0.01). An elevated number of follicles was present in 15 and four women with DM1 and C, respectively (P Ͻ 0.01), and an abnormal ovarian volume was observed in 17 women with DM1 and four controls (P Ͻ 0.01). PCOM morphology was found in 23 women with DM1 (54.8%) and five C (13.2%) (relative risk 4.1; 95% confidence interval 1.8 -9.9; P Ͻ 0.001).
PCOS (Table 4)
Hyperandrogenism, defined as the presence of clinical or biochemical hyperandrogenism, was present in 21 (50%) and four (10.5%) of the women with DM1 and C, respectively (relative risk 4.8; 95% confidence interval 1.8 -12.6; P Ͻ 0.001).
Clinical hyperandrogenism was present in 16 women with DM1 and one C (P Ͻ 0.001). Biochemical hyperandrogenism was present in 10 and three women with DM1 and C, respectively (P ϭ 0.07). Five women with DM1 and no C had clinical and biochemical hyperandrogenism (P ϭ 0.055). Five DM1 and three C had biochemical hyperandrogenism without clinical signs. Eight women with DM1 but no C exhibited menstrual irregularities (P Ͻ 0.01).
The frequency of PCOS in the women with DM1 and C was 40.5 and 2.6%, respectively (relative risk 15.4; 95% confidence interval 2.2-110.2; P Ͻ 0.0001). Two women with DM1 and no C showed the three criteria necessary for diagnosis of PCOS, the former having simultaneously elevated T levels, oligomenorrhea, and PCOM, without clinical hyperandrogenism. Fifteen DM1 and one C exhibited two of the three criteria simultaneously. Two women with DM1 exhibited oligomenorrhea and PCOM without hyperandrogenism. Three DM1 showed oligomenorrhea and hyperandrogenism (two of them having simultaneously clinical and biochemical hyperandrogenism, and the remaining one had only biochemical hyperandrogenism). Ten women with DM1 had hyperandrogenism and PCOM, three of them having simultaneously clinical and biochemical hyperandrogenism and PCOM, five having clinical hyperandrogenism and PCOM, and the remaining two had biochemical hyperandrogenism and PCOM. One C woman exhibited biochemical hyperandrogenism and PCOM.
Clinical and laboratory findings in women with DM1 with and without PCOS/PCOM (Table 5)
Women with DM1 were classified into three groups, those without PCOS or PCOM, those with PCOM only, and those who fulfilled criteria for PCOS. The proportion of women using intensive treatment in the PCOS or PCOM group was higher than in the women with normal findings (P Ͻ 0.05, Pearson's 2 ). Moreover, 75 and 33% of the women using intensive and conservative treatment, respectively, had either PCOM or PCOS (P ϭ 0.059, intensive vs. conservative treatment).
Women with DM1 and PCOS had higher FTC and DHEAS levels than the other two groups; however, SHBG levels were similar to the women with DM1 without PCOS/PCOM. T levels almost reached a significant difference among the three groups (ANOVA, P ϭ 0.07). Women with PCOM had higher SHBG than women with normal findings or women with DM1 and PCOS. Ovarian volume and follicle number were similar in women with PCOS and PCOM but higher than women with DM1 with neither.
Binary logistic regression showed intensive treatment to be a significant factor over exhibiting PCOS or PCOM (beta ϭ 1.32, se ϭ 0.669, P ϭ 0.048). BMI, waist to hip ratio, insulin dose, hemoglobin A1c (HbA1c), and onset before menarche did not show a significant effect over the presence of PCOS or PCOM. In addition, multiple regression analysis determined that these factors, including intensive treatment, did not have a significant effect over T or androstenedione levels. 
Discussion
We report a clinical, hormonal, and ultrasonographic study of hyperandrogenism in adult women with DM1, using the new Rotterdam consensus, compared with a control group carefully matched by age and BMI. Our study confirms the previous findings by Escobar-Morreale et al. (1) of a high frequency of hyperandrogenic disorders in women with DM1 in a Spanish population, showing that they are also present in a population with different ethnicity. In addition, our data expand previous findings by showing that PCOM is even more frequent than PCOS in these patients. In addition, our results suggest that PCOS/PCOM may be related to intensive insulin treatment.
Hyperandrogenism was present in 50% of our patients and 40% of patients studied in the Spanish series (1). Moreover, our patients with DM1 had higher levels of serum T and androstenedione, compared with controls. These findings suggest that the clinician taking care of women with DM1 should be aware of the high frequency of hyperandrogenism in these women, especially because 12% of our patients exhibited biochemical hyperandrogenism without any clinical signs.
The results in our series also confirm the high frequency of hirsutism present in women with DM1, which was 28.6% in our patients and 30.6% in the Spanish series. However, the mean score and range of the hirsutism found by us is lower than in the Spanish patients, which may be related to ethnicity (13) .
Our study showed that 40.5% of the women with DM1 had PCOS according to the Rotterdam criteria, which is higher than the previously reported frequency of 18.8%, using 1990 NIH diagnostic criteria. This difference is due to the high rate of PCOM observed in our series, which was not included as a diagnostic criterion in the NIH definition. In our study, if we had used NIH criteria, the prevalence of PCOS would have been 11.9% (Table 4 ). The Spanish group who performed the evaluation of the prevalence of PCOS in women with DM1 also showed a prevalence of 6.5% in healthy women (14) , which is lower than the 18.8% they observed in women with diabetes mellitus. A limitation of our study is the lack of an established prevalence for PCOS in patients without DM1 in Chile. However, diverse studies performed around the world have shown a prevalence of 5-10% of PCOS in premenopausal women without DM1 (14 -17) .
PCOS in women with DM1 has several differences from what is observed in women without DM1. Clinically the severity of the hirsutism is lower than in nondiabetic hyperandrogenic women. Roldan et al. (18) compared 14 women with DM1 and hyperandrogenism with a group of nondiabetic hyperandrogenic women and showed that the FG score is lower in the former group. The average score of hirsutism observed in our patients is even lower than that published by Escobar-Morreale et al. (1) . This lower degree of hirsutism may explain the reason why this sign may be frequently overseen by the clinician taking care of diabetic women.
The biochemical findings of hyperandrogenism in women with DM1 also show differences to what is observed in women without DM1. We did not observe a decreased level of SHBG in the whole group of DM1 or in the PCOS and DM1 subgroup, which may explain why total T was the more sensitive index of hyperandrogenism in this group (Fig. 2) . This is different from what is observed in women without DM1, in whom the most frequent biochemical element of hyperandrogenism is an increased level of free androgens, such as free T or free androgen index (2, 19) . The different behavior in SHBG levels in women with DM1 may be related to the fact that insulin concentrations at the portal vein are the main regulators of SHBG (20) , whereas in these women the hormone is administered sc.
Another difference in the laboratory findings in hyperandrogenic women with DM1 is the lack of increase of LH and LH to FSH ratio (Table 5) , which is frequently observed in women with PCOS and without DM1 (21) . These findings are in agreement with the ovarian origin of hyperandrogenism in women with DM1. Virdis et al. (22) were the first to suggest the presence of functional ovarian hyperandrogenism in women with DM1 and oligomenorrhea, and the ovarian source of androgens was confirmed by Roldan et al. (18) by showing a normal steroid response to ACTH in women with hyperandrogenism and DM1. In addition, recently we evaluated ovarian function in pubertal girls with DM1 using the leuprolide test, a GNRH analog, which is the best way to identify the ovary as the source of the hyperandrogenism (23, 24) , and showed that during the later stages of puberty, there are elements that suggest the onset of functional ovarian hyperandrogenism (3) .
Clinical and laboratory findings of hyperandrogenism in women with DM1 may have their onset during puberty but continue to progress afterward. Our data show that the hirsutism, evaluated with the FG score, is higher in adult women than in pubertal girls with DM1 (3). Similarly, our study also shows that women with DM1 have higher waist to hip ratio than control women, confirming our previous finding of a lack of decrease of this ratio during puberty (25) .
PCOM/PCOS was associated with intensive insulin treatment, which was the only factor related to this variable. Total daily insulin dose, HbA1c levels, or premenarcheal onset did not show a significant effect over the development of PCOM/PCOS. This would represent a novel potential adverse effect of intensive insulin treatment, which has not been previously reported. The series of Escobar-Morreale et al. (1) did not find this association, but this difference may be due to the fact that most of these patients (88%) were already using intensive treatment.
It has been suggested that the use of exogenous insulin to treat DM1 may contribute to the development of PCOS (1). Insulin is administered in a nonphysiological fashion because it is injected sc and is absorbed into the systemic circulation (26) . Multiple insulin doses theoretically could lead to significant hyperinsulinemia in the ovary. Hyperinsulinemia stimulates the development of antral follicles, increasing the sensitivity of granulosa cells to FSH, thus increasing the numbers of follicles and ovarian volume (27) . In addition, in vitro studies have shown that insulin acts synergically with LH to stimulate the synthesis of T by ovarian thecal cells (4) . An additional pathogenic mechanism might be the exacerbated insulin resistance observed in patients with DM1 (28), which has been proposed to play a role in the pathogenesis of PCOS (29) . Other pathogenic mechanisms observed in PCOS such as increased fat mass and abnormalities in the GH/IGF-I axis may play a role because they are also present in DM1 (30, 31) .
The main finding of our study is the high rate of PCOM in women with DM1. Studies in healthy and ovulatory women with PCOM have shown that this group may represent the mildest form of ovarian hyperandrogenism because it is associated with greater androgen levels and insulin resistance than in women with normal morphology (32) and with an abnormal response to a GnRH analog test (33) . In addition, healthy women with PCOM have a higher prevalence of abnormal metabolic and cardiovascular risk parameters (34) . In our study, women with PCOM exhibited higher SHBG levels, but no other endocrine abnormality was documented.
Our data suggest that factors associated with cardiovascular risk and insulin resistance such as increased androgen levels (35) (36) (37) (38) or waist to hip ratio (39) are also present in women with DM1. Moreover, higher androgen levels in women with DM1 have been associated with microalbuminuria (40) .
In conclusion, we have shown a high prevalence of PCOM and PCOS in a group of women with DM1 with different ethnicity than the original report from Spain, suggesting that hirsutism and hyperandrogenism should be carefully investigated in postmenarcheal women with DM1, especially in those with intensive treatment. Future studies should evaluate the consequences of PCOM in women with DM1.
